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Sarah  }`jcDuffie  Blu¢riiel
Infr.fired   invf`...3s t;i`g.::I.I;ions   0£.   iii3.8nosii.1.i,-ii,    c{|lciui'\3,
strc)11tiL`ilil,    t?.nd   b{!.rim-;1   T±rit:n_   both   I\T-   Jlydloo2ruv.eJGh.-ylct:!]ylcnem
di {-jjn.:.u`ic}tl.:i. L-+cot;ic    €t.ci d   €.ILnct    (-}t.h:`rl erie.Clia-.r!1in¢-bet:[`a`?Lc €!tic
acid  I.itn,.v€i   b(-3en   conc:`.uctt?cl   in   deuti`,ri-Lm   o3:idc}   solllitic)nco
r|:iic}   pl'|   of   i3.'L-ic}se    ,cjrjlut3..`r)ns   was    varit?a   b`jr   &ld.dirlg   S}71£i~11
acTii()unt;a   of   cctriconti.I?.t€td   sodiurl  h..}r{..,i.I,?rjxidc,`   €ind   ni tl.:`Lc
aG-ida       lnflr'r..11.ed   spectl.ar   'b`,rcr'c>   17ec,c>ricl.`.3d   at,   `ri3,r'ious   p£-I
Vtrj`j.1uc;a   fol'S   o€icl`-i   of   the   f'11.kaline~   o=].lit,`!1   chelcq.t,e£1   tis
twrc)11    a,5    £`o|l    TiilJl).I+!i    £}.ltd    fi}D`1TA.        rlT'flcf3ul    SpC}Cb.|nga   1,\j-c;i-'G    than
p10iot,--3C|.
'l'his   i`ilvc;.r.it:.Lgz.i+,ion   1.'¢~.tvcalod   t`i-lil,t   }1roto:t'1c?ttion   of
I,hc    !`i'ic`t{-L1-chc}1,L`Lt.a+i ,    ==,:f:]j')TA    a.,ncl    i+i:I)ri`j4.    occ.i,i*.fred    a.s    t'Lie
st)|LiLtion,e3   vv.Tcr`c    aciclifi\:jcla       Ii;   fur-5riL`;i`    sTLic"J„.,`T.1cl.   thfit   t`!`ifu
covf.`ilcrit    `?,`i..1,:::`i..i..S{ic}i;`¢i`    of    .blhii`3    bo=',i\'l-.Liig    foii    bo tl'i    i,b.c    :,II.-:iDIl:'A
a.n(1    `+Llj|);.`!.1.r'|    3:i.r|f`.'}|tTLi;oS     :aL.i-i     il+]Vers c3ly    I.)|`>L)Pop-'Ciollf:i.1    tc}    i;tl~il`    :.Lorlic
i.&L(lil    of    tl|fj   ]rF:3ttrll    .ic)|~i{`ja        rlTll.13re    I,I,I,'}.Lq    :flo    (3'tridfj:r}(3()    C}S;i;`:`ilJlisl1.i'L}Cl
fci|'a    i+I,,i-;    i`.TfjinAlil`1.,I;    f;.t'    the    ~{l-.\,rclrf;.J=,;,r.:>tl `L?,r-1,fr3±.9fiup¢
/`.n  I.ntrod.uct,ion  tc>
CrIApniifi:.`   I
||i`T|lil\ODUCT|Ol..,r
c i.1 c i ..i iL: i a n :
Col.:`ii.;oufids   for.in,3d  by   tll_e   col:lb.inai;ic>n   of   a   centl'€il
ljicJGal   ion  arid  coordina+Jing   agent   .btmt   c`qn  occupl/
si.j`Ilulta.neously  mi-tre   than  a   single   cc7orcli}i&t.;iG`n  position
fj.I.|e  rcfcirtr`ed  to   as   chelilto„t}.     I-I'rcquen,tly,   such  chcl,:itcs
contain  polycl`'imt`ritc   ligtands   T..Jh:.Lch  flo_TT.1   sir`iuli;£mcously
mol'C   thLin   Qnf3   ring.      CGpi3ain   ct.ielciting   a{rjont,`3   T.f,Thich
contc\~in  boi;h  oxnjr8en  £`.nd  riitrogcn  arts   pfirt-icul:..I`].`jr
Cffcjcti`/'e   in  for.3!l:i.ng   s+,able   col.ilplc}Fj>s   irrith   a.  1..`,ridc   v€Lriot;y
of  I`,ict€.1   ions.      Sc>i-:ic`   of   the   i`;lore   iriipc]rtci].`it   of   tlLi`8sc
clLi_cl€-i`tc;£5    tii~.a :    otlryl   etti.er   cll€ilri:.Lnc 'i;ct-,p€i&cci`-,ic   a.cj.a.
(.i.'.-;J3'L'£'i)  S    .+,I-i-u-1i-,I-j+   31-#-all   bis     (;-ci-,-i:.1-Lot;t'Lt:,'l    c,i-,TL+cr') ~
N,I+G€trtiaci3tic   acid   LiTr'.rA) ,   dictlrylcnetri.rLLmincpcnt{i~
ac{>tic   acic3.   (D'TPA) ,   clictlr71cnoi;1-i€=] tl'iin®    {dic]`-i) ,    tri-
ctliyle.Tistct:I.`rd'I'iine    (.brien) ,    tetrJ{3i¢jbl'rylen¢.jpcnt€iL!iinc
(t(.).i-,ron) ,   {9„nci   of   I:)3.rt-i6ij.1.|r   intcrcst,   cth?>rlcn€;diar;iine-
t`~,`tl`f`.i.L`icctic    `qcid     (  ,`].:JT.I.,^i)  ,     Zlrl.a   I\.I-.+It`;rc`-.~oXLTyc} b.I-).?`,r:Letl~lylcncn
c3..idr,iinctr.ill.cctic   ,:laid    (=i..i]D'.`?A).
i]D!l'A   is   knob'n   to   £'orril   st8.1,)1t`   c`LILeJ..'``tcs   'NTit-,h  }r„:in.`y
riT.c+jill   i(ji'isg    but   `not   `,iiuch.   is   k.!.io',.in   €`.bout;   tl:ic   {=i`ctual
C}tr-L?.Ctri.1.C}     C.:{.'    its     c'£-je]..'i_-:,:.`;'J a.          ;.i{3}11e    ii`}fo]:ir.1.:3Ltion    fL'OO``l-b     `the,
I:tl..1J.cti-`,t=t..I     ,            jJ~`          '    .Lrt    '`      i.PIT-I.?      i    .    .i.     t.   i.i-Lt`        ..-.... I          i-/     '   I      '':.        {'`:~`.|ri;`     (T;.         -t,,
Lt-.I(:i       s,l-,;.:-( ,,-. I.-\       I,,.,,,,,  :i..I.-:..    i-,,t .--,.a                                                                                -i       -,: -.,,, :,L.i-(:-;'`L;,
LC;trjiT,.ty(3:L'~      ,:I:,`.i.      .|''.`.11L|S=`3n       {C,?!10)   ;       I:L!.'F   ^`„                   ``         !.t_''`    C`.'=    ,lot       (11).:
2
and  Sawyor   and  I`|{cl`|nnie   {8}.      B~y   coLJ!paring  the   str'uc-
ture   c>f   JJDTA  and  .Tli]DTA   (Figure   i),   one   can   see   that
the  bonding  positions   air'e   altf-lost  id¢9nt}ical.     the
differerlc::   I..a   that   in   TLrjJ)r.L'A   cin  hTydpcjxri7ctlryl   group
has  I-epl€icccl  c>ne   of   the   acet8.t;e  groups.     I'he   str'{m3th
of   the  irietfi.1-   ch`-31c9.tc   borids   is   one   c]f   thc)  rl.a.jar   cc>ri-
t,I.ibuto3.|s   to  the   st`£bilitTy+.     If  the  .Irydi-oxycthyl  group
for'j-iis   as   tsbrong   ,:i  1)and   as   t;he   a+c©tat;a   tr.ir'ou.p,   t}icn   tT'l¢
lil:JD[JIA   chc>1£`Ltcs   shou].d  be   as   stiiblc...   as   the   I;Drl'A   chrjlfites.
j`*n   Inti-oduction   tc>   Inf.`r.8.I?{>d. 4E-ig:
Inl`rari{jd   tina.1ysis   iridicatotq   .bhe   pr.c£3c3J.ic{3   of
cert;£i.in  fu.n.ctio...rial   groups   bT}r   r'(Jcc>.rcl,JT.nfi`   t'rieir.   fib3orption
b{}iids.       Int`ra.recl   d_c.cp,   no.b   d®Str`oy   i:'n{3   €!arii?1e   oil   alti`:,l'
t:'.ie,   Structure   ill   any  i`ti;irmcr'.      Oncc>   ar.   <ribscji.pt,ion  b€iind
h`?.,r,   b®cn  ic5.en.tij'ie,d,   its   ''nori':al   po{3it-ion"   is   recoir'd.cd.
If  a  given  functional  g1`oup  bocoril(i;3  bondGcl,   its
absorptic)a  band  shifts. to   a  diff'erent}  f`requcnc-jr.     P>y
studjring   ths   s|`j{.;ctr{i   of   the   cl'.`.cl{i.t{'>s.,   onc3   c£.i.n   c?.c3tcr]ii.inc
•ii)hic}h  of   the   £`unction£`.1   t'3rou:ps   pr'cscn.t   p`rte   boridi`.`.,cl   and
T.^dthich   a.i'>L`   Iiot.
1nl`±..Lijrfjc]i    gLnf.2.1:}r,i+:i:'.:     (..;i-`..i-~   -:.):,    cL~fr.i.Cd    out    ill    tr.lil    of
tlit3     .i:1'11`L.i-i     ±``jl..I-ji-£`ic,|= .,.. ``t-``.`` -....+;a+          t„rl?.c:n    S`'`>1Lrt;io.rrs,     cll>o    iiiscd,
•'j.f}`Jcit.-,``:L        '`.I.         `    ,       ,.;      `,1.`-``'J       L`.`          i-r    `1.\,      ,,        :i-r~=        I.`F        .'     h_,.`.:`,I,!.'-.         ::.'-:t..-:.        `r_;oil.r`,`i     I.+,
'L'J`i``;        ,','   `=?|T..'        .   i,i,        :..`:     i.,.Ll:1d       :;``'`   i ..,,. `` .,.,   '.:,        I:,"                I                                                      I:_'        ,.lb=t:;:I   I:I,   ;I,i''?ill
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St,:1trjrlcnt   Ctf   Problc:r`1:
The  pui.pose  of ' this   Study  i8   i;a  r`ecor.d  tho
in.I.ral'cd  sp-3ctpa  cif  the  al.-llalino-.e`firth  cheltitos   of
EL)`.TLTA   and   2{|`iD!|`.t`i   a. t   vai.ious   pEl.   value,£3S       ;-3olutions   Were
Stu.died  becaL1.so   t`[|^e   poll7cnnd';.iinoc&rbox5rleitc   c!|.cl8.+l;es   ape
rriost   £.?:crj.t:;I.ally   usf,`cl   £Ls   titra.nts...    Deutcriiun   c>.1:ida   ii,r€ts
usec]i  as   I,he  so].vent  to  eli}iiinate  tt.ie  masking  effect
of   1,J8.tor.      1.4vJlion   `i.r€-ttcr   is   uset.-i   cis   a   solvent;,    tl`ie   infr€1I'ed
rcfr_];ions   frc`3`,1   2900   cTrrL   .bo   1800   crii-1   {.3.nd   from   |500   ciTi-1
to  |000   ci,inL  r!iay  bo  ultilize(J..     i.fatL`r  a.bsorbs   in  the
ot!`-icr  iJoi.t.ions   of   the   spectruni.      'ii`,.rl`i`-in  d.c}utopiuni   oxi(1e
ii3   `iis'i.;d   as   the   €}olvont   tile   infrared  .z'cf3ions   f}.ion  j+OO0
ci\rL   to   29oo   ci.rL,   .i.`rom  2oo0   cm-1   tL~j   |300   cm-1   and
frtjiii  1100   c3n-1   to  goo   cz`rL  may  be  ultilizcd.     'Pli6  other
polltions  &1ie  nc}t,  useful  because   of  :`5trong  absorptioli.
b;r   tl-ie   dc;utc;ri+in  c)xicte.      Th.a  I.?lain  i.c`gion#   oi'   intt;r'cst
in   this   study  1,rcr.e   .f.poi-.1  125o   c3,rL   t,`.3   60o   cm-1   I..7i[-lie-n
ccirre;=i)oncl,{:3   to   thrj   Vil`mit:.Lf+n   of   i;ilf,      >II~CJ12nc=120J-I   ||`S
cq   .{^rliolfj    Li'};    c9.nu3.   1-l2On   i8oo    ci..I          hGf3    i3oo    ct-rL   1.rtL,iicil.   is
-1'
t3ic   r>cgiori   trrfet3i.c±    tTic   i~rtt>.hal-c€j,rbcjxyl{ii;e   bc>nd   {,t`bsor.b,t.! {3)  .
It   is   fi+].?..thL.>r.   .into.iidlcd   tl?lil.t   Lq.nc.^1ysis   of   tirl.{3£tc
S:fui:;Ctl'a   ShcJulc,i`   inci.ic,I-ii:i.?   the   ef~f`oct   of   v€irijring   t-jic3   p.r``:`.
Ti`.`r>    CC!r,\rc1:i.n.:1tiri`:3   ].:.)i).gil,i,om.j    ,fort    bo.i:l'.i    J]iJr.£`.Jt    find    J[;i;j)r+'`i    :.`i|-c
bt..>,_:_:,':'j     cc,riT.\:,ti   d     i`orl    Lt-;t:1    1`+jt`jt,`il     t.'`T*c    -^`,i\Jt:`.1     -.Lt:nl     cTr.}l.C3.     i;h€.,+     =Lj30+
lolls.          `.L`'-i..`.t-,:     i,,,:.i;cj.2ib     a.r'     t}`.t3     cc`r~j:t3cl`ij.i..i.`G:i.c;=i    01.     I,1`ic    I.Li{;i:f.:.1     io}.'j.,
t}ic±`t2`;+``.iI`.t`j:++     :L:i    dc+rjLal'ii±ent   uiiion    t'iijc:    i-:,'iT    `r,f    fj}ie    sc,`1ui.lit,`,:1
3`
used.     IrT.  fair.1-y   acidic   soluti(3t..if„   pfr``r.tial  pr'ot;om).tirjn
o±`   the   ohelatinLr,  a.gcnt  may  o.cow.r¢      This   proton¢'j.Lion
c{,1.n  be   dcT,tor:11-incd  b`/   noting   the   Shiic`t,   of   tile   €]+bsortptio,n
b c:l-nds ,
Fin-ill}7`,   it  w{is  h.opecl  that   .c`,oi.ie   evidence   eith`3r
for'  oi.   €igra.:.Lil.st   th.e  bonding  of   tTLo  hydrox-f©i3hyl   group
could  be   deter.}iiincd.      'I}1e  hydrox`ychl.f}rl  1:roLxp  is  not
e.¥p{ict;f.'}d  to   ant;er  into  bonding  iJith  the  ii'ietf.tl   i(]n.
6
CT-[APTdi_i   11
|p`TFRj'`i.rLt !i-D    Ii.,?Vii.STIGAII0IJ
i.1t`3,tc3r]..al`~a    and ar'.qtu{-3   Used:
Rsa.f:i;tint   gradfj   chciiiio.|ls   wel`c.  used   t}_iroughout
this   invc;Stig€|tiol-I   1..Thenc)VcrS   possiblc}.      I,'ri_©   all,i.`ril:'Lne-
ecr3.i`th   ion   i-jolutic`ns   1.,Ter>e   ]`7r'ept`.`+p`~jcl   in   dc3utoi-iuli]   o}=it.].c`
fr'C)lil   t`n.c   nitI?€`.tQ   salts.       rl'}i€3   dc}utci.iun'ri   oxide   I-\rtL-is   pu.il"
c*].ascd   :i.'r+c>i.ri   the   i.I{ithesc>n   Cope.p{]Tiy   ln`c.    and   l\'£i.S   99es5`;;€
}.{iinii'iiur!i   ptirli'G=r.       'J.The   cc7nceni;rLqtici.i   Of   the   .Tj]agnc3siut`i?,
calc.iun`iiS    c3.rid   sti.on.:ciiun   Sctlutioris   itp+a   0®600   Iiiol8.r,   wJ.1.ils
the   cone-3ni3i8{`:Lt;loll   cjf   JjLT[ie   b&r`iur,I   solut,ion   i.,T£-is   o.3oo   7L:ic>1ar.
'l':r?..g   lilli)LrA   srjlutic)n   w€nis   pregpalS€-;{`l   from   th(?   tri-
SC}diunl   S#.1i39    €,Lncl   the   EDflTjfl   Sc!1i.ition   i.`fts   p`jlc.pii.iicd   i`ro|,n.
the    a.1+host:tJ5i`iy,1.    s|]..b,    'L.T'£iic-rL   i.rt:i`s    1-€}:5.{srjri.I    gr`..iucifj}.         r|T|i.a    ±-tJ|i).?.'i`.
i`tr{is   obtaiiif:`d.   from   t-Fit?    J.¢r.C'.    B,.il.€ei.   a-fici!iical   Coi!ip£-in-jr   tr`nd
bras   €iss{TLg-ed   fiic   98;'€  I.riinii-iturn   pLi.rSii:y.       The   coticentl*atiori
Of   'bckh   C'ilc}]`tTLte    Solutic)nLC'.   ',t{r3.i:i   0 a€`00   mol.a.T   in   C3.C';utel+'ilJLill
o=1idL{3G
.ri   13{jcl=r]1`iarl.   I'}.c3cl€21    72.   p:{   I:`ieti:I;r    equi-ppcd   I.ri+,l`|   f+i.
91{is,¢3    e.1`;ctrodes    €`hntl   t?1   t'5ilvcl-.   c',1.1c`!rj.clc;   rcfc.rc3nc¢
iilL`Gtrcjdc3   iPri'L-LS   rLS(;d   to   r`icol'd   +,he   pl-i   oi`   tb¢    sc)11~`Lbion#¢
r!O    a.ttei`..jpt    1.I:Hi,..;    1-,1,ii.cl`cji    t,c>    ccj]'ivf3,iii;    i;hi::    iii{3`q,,qu.iiJitd   ptl.   vzTi.1Lirjs
tcj    i}.TJ    vtf`{.1.Li.c;`£`j    b`'cc<',:i:T:`3c>     `i;l`i+3-     c]{i.ff.i.3r`t?-iifjc-;-    :L-,'i    t.ilo     t'i'.fo    v`|lui}{-3
1,}€T..€`       cc,`irir3,=L`-i    ;i    i.`  i?I       `^L.i:!       :-;`,,       =t...fi:i':':,        ~'v,.,:  {'-`'.`=        :,li``;.        r;,``j+i`i.Sit,i.{Lri`;;`}r       c`jj:       i:,.iL'`j.~{:i
:i..,r=1,,;t==t,;I.,.:.i,:..i.f¢
13`€,`'`?:).ill.a cr      t=t`1=.LS      i.`L1`rc}::,i3i3q,t:iLC/ri     .l`T,:Li  t+.      Ct` .--. `|tJ.`.:L{:`;a     Out.     i.`>``.`i
solutioris  if,rith.  dcuteriuni  oxide  as   the  solvc}nt,   Silver
chloride   cells   weJ`rio  used  in  r'ecoir.ding   t'ricj`  infr'{|red   S.peciJr'a.
The   silver   ch].oride   cells   Ttyrcre   obtained  frc>m   the   I.I.,ril.1.cs
Sc`iont;il`ic   Col.|>c>rtltion.      ''flici;i   silver   chloi.id€>   cell
{t,rindoTvrs   co.ni.3ai.n   a   0.025   Inn   cipcular`   d©pres{5:.Lt>n   1`,Thich
c;nabl^cs   tile   cell  pa`th  len€3th  to  I.)e   c'ilLr`~ngcd  to   a  capillfLry
length  b.y  placinf;`  the  flab  sidc3s   togethc>r,   to  a  nominal
lens.3th  of   0.025  }1iJjl,   op   to   a  m<n~xinurl  1enc3th   of  0.050   }rm.
All   the   spf?ct]..a   usc>d  1.repe   r>c3cor.ded   on   a   Bee.1L,aii8.n   IR-   7
double  bt?rml  infrc3.red   spcctro.photor!it3ber.      The  refer.`cll.c{3
wto-S   air.a
pr¢G3€1tLt`3:
_=1__   _____    __   _.      ._   I_
The   i'i.Total-   ci-i€`:I.abc;,cj   ivrcrcj`   prcp€ir.¢d   by   adding
cquivalerit   a`i,iount:;   of   the   stoc.k  I.Iict€`+1   I..on  solutions   and  I
i;he   stoc.TtI  GhelatS   solutions.     O}i.ce   thci   chol€`,tc  had  boon
foli`i`icd,   the   pl`I  was   V(3.ricd  b-}r   {3.dding   srriall   in-.rilounts   o.f
eit'Llcr   conc}cn.l;r`rit6`d   sodiurl  h-t.rdroxicl,t3    {£{();T5)   or   conccli.I
'C|.crl~te.d   rr.Lt,].1j.C   Cicid¢      j'iif`tc|-t:nic   Solut.i.on   T`Ja,rj   €J.Cljustcd   tL`
a   p,n^i.t:i.culp`:r   p!:-I,    a   siTi.Lfill   €iiii.o'iint   trrtt#   witli[diia'Lm   i:`nd   the
€!pcc+-,i.f~   i`.r£-is   rc}cc`ji3deci..       Alti.Ious+.   theile   ihrfif,   a   rji-ria.11   erltGr
o±'   cl.ilu.!L-,it)a   c}Lriu3(`..3c5~   by   adding   €'+cid   oi.   ba,:,e   to   V`':i.ry   the
pr|    .z).-,:    JL:1:ijor;    .:To|u+,:;Ljn,     i;'ric`    rjri|.rir    1..+f{.\.s    a.3::31iGiblG`    Ill.r.Hll    d:;LCI
I-.IO.t     {;.L`.¢:`€)Ci;     t-i] C;     1't€+:i:.i:-i..t,t3      iri     `r,.:(.||jr     fi{.:j`L.:i.I:`,.`j,`;J3|`'.-;    :frL?.|1..nor.o          'Irii:?`  S
i-r^ct,'fit~jd    clid.    cllii}inf:i.+,c;    pi.L:;,t`,ii3i-b``.'. :,.i  I:`..n    I`.c`,tic``3c3.    -ir].    c;i-rj.`..''1e,    t.`;i.
8
•bhe   solut.ic`.Tls   1.rhich  had  been  allot.\.red   .bo   sLeand  .-i'op   aTJhi|c.
[Th,e   rangf3   oulf`   the   pl-I  v`qpip.tion  i^Jft3   ,f2fon   2.3   to   11.0   in
3.ncl.Clrl.e5nt;s   c}f   cn+boui;   orie   pll  uriit.      rlthe   so|utions   I,irerc-
plcicGd.   in   the   a+b,cjorptiGn   coils   by  ltiLcan.3   of   a  hy|jodc-I`i.,'.}ic
S3rriinge.       rj.The   a.rir`iourit   used  Was   Criri{3fully   rc,€';ulcitcd   .cTjo
thLlt   i;he   pc+t'ii.   length  T.t,.fould   I.e3iiai?:-i   contc~itLq,nt   tb.roi`,`[ghout
tliis   invfj;a +,i8€3.i~,'..L ontt
rlThe   fjpect;1-a  T*&re  recr)ildi?d  in   silv-a;r   chloricle
cells   at   ccripill€iliy  pcq.i;h  lc;ncth.      'l'his   IGnc3th  I..fa.5
nece;SSc`r-y   in   o.tld.C1.   th`Lli;   iJh$   1Tlnrfj.3{:ililurll   i`+bsc;1r'b{'=l.nco   intcnsit,-#
of   the  btrilids   of  interest;   cou.Id  be  I.¢t^3ct,ordcti`.      In  the
stuti.y    Of   ]\:'al{€`d!ioJc;c3 ,    }`ilorir,:,,otos    fincl   i.{`fLirte.11    {5J)    on   lil.~JDi`.A.
a   f.{Gi'ics   ct£`   ab,soitption  bfinds   cr+:`u#c3d  by   th{3   vibr,*t;ion
01"    the    >:'.r~-`J]~[2uncI[20±-I    C3rc.lap    S`S    a    r`..¥tlwh®le    T`.,TC~t:?e    r'ecc}±+cl.er.i.    ir`~
tTic   rcgictn   flio.{i   600   ciri~L   tc>   1250   cl!rLa      In  opclt-jl.   to
obttiii'`t   tl~.i`c   grG€itc,cjJc   l>o,cjsible   :i.nbcjni:jiJcy   i.n   this   r€>g:.i.c;n,
ttic3  ]i?cixilunn  pa,th   lGngtl`|   of   06i?5`O   riijr.   i`.r{-i#   used  for   t~i-.!at
-p€j.rt   of   t.li.e   spcct,|r3f.a       rl'T1.e   Gil.1t,ire   Sub   of   i,rlf'rc!.I`t-,'d   SP'Cci:l`'<?i
fc)1-    {`;I..tcl'i    G`J.`    t:!`'lc;   i{'ieJt;ti},1    chelatc.s    1.,r,i,ii.    r-.Lil   €iLt    or}c    `session
rjo    tllf.it    i-,ilo    cnvillc}3:\.r:lent,i+1    in£'1ucl.i.Ce   1+,ro`JL1`±   b.C)   1,`}irll.lizc}C1¢
Tfil.ch   rr.r}.   i,cJ`?..L3    l'()a,c;1-.dc;d.   1t573.i:1.-+    a    £;lit   Tr+ic?~tll.    C}f'    I.a05'    fLt    1000
ci-,I-L#     €infj.    tlic   I,`i€`,..T..{j,1;u+„    t]..c~J,-iis!.+,I:.i t.';.1.-r:a a    1.rfif=     £!.cl..`|ur3 `JC)cl    a-:
rtyl
2oorj    ci,1-i.a        'iri']fj    ;+jc£,.Lriliin`\.`.:    si.\3t:rd   1,,T;.i.s    8o     cn           |i{.3r.   11,iiii+`LiLt;`~,
ff)-{.      +`r;,r``C.L'}      ,r3`'Pi;a-i.:|ul'!j;(.1|S            S|i-).\-\,i,:i?      .|Cr:```ir}i.|i.I,`L,rj.;      ,r~=:).~|'`,+C?C7.{r      .i-;.~it{''L     =r?.=,+r     ::.)|`rJm
Cil`,1LC;.:,i      {=|Jf,i:../'      ij l}`t.:`ii i;..i.. C)|'\,f..,1     |3t:`rJct|u t;io;r|     I..r,)iJ``'      i:Y.1`` I `:)     b{~r;I.ric|':i  ,£
9
C|It`|Pri`.ThDL   I ||
P\.13S.|JLrl`S   Ala)   C0ITCJ.jusI0NS
The   s|joctr&   of   the  vcLr'ious  pol3rarninocarbo2L-ylc;.te
c't`1c].atos,   8.s   well   as   lJDrl'A   and  I`r,-Lr)"Q.,   £`,lie  prosen.bod  in
Fi€J;ur'c3s   2  thriough  11.      Bocausc   the  bands   oi~  I..ntcr.est
8.I.a  found  in  `i,h3   .c,'poc.brti|  regi{)n  frc,,.ti  |800   criHL  to
-i
1300   cr!l     ,   only  this   section  hfts  b`':.cn  included.     This
region   tr,7b.,`?lie   ti`ie   i`r.c3bal-   car.bc)jTjrl,9.Ice   bond   |1JSorbs
cc.>nt{'`.ip.S   the   absoript,ion   ship ts   incl.ic€i.tiF`tg   tiic>   chcirt.ge
fr.c>i.I.  unprc,i.onat,CCT   tc>   p3:Botonatcd   chc3-J.tites   ii+s   the   p.rl   is
V6.1'ied.      'l`l-le   spectrc?.   of   each  ]Tlota.1m   chell.I.te   at   var.ious
p£.1   v£`Lluc.,s   &rG   plottcjd   c>n   t`r`.c   sex:ie   {3raph   :.I.n   ctrdcr.   `c`r],a.I
•bhc   t3i'iif ts   of   {ibsol`ptic)n  b{1rids   ca,n  bc   etLsily   sccn.
I"nc3   iiif.ri`{rcd   spfjctrf,   of   EDri-'j:`i   c>b-b€iir+od   a.i;   v£`j.iiious
pl}.  value,rj   in  dou.beriun   o=:idc;   solutions   {Figi`,11.c;   2   )
shot.I  only  one  bilt-r.td  at   1595   crrinL  `tt3lej|  the  pl-I  is   10.1e
T``nicn   thfj   pl-I   I..s   lot.rt;r>ed   i.;ct   7.8   i,-\.;ro   (1.a.f.init,c   b,:..in.ds   at
-1-1
1633   cl.!1        arc.i   15`90   cl.;1        ai-]pe€.;.r   ill   etqu€il   i:Ln.ten,sit:r.
At   L1.   rt:L=   o.`L-   6.9   t}icrc;   is   c)nl-,r   a   tihQu|clGr   ti.:c   |5`90   c}-n.-1
1,']..I:pri   the  i:ilill  c-+bsori';iti.cn  bfli-ld   at   1635   cJ'ri-1.      Finfill'v',
f+i;    €`i   plI    ..tr   ,)Lag    ctii.1:,-.   oi'`i`-;   b{:`+rid   .{..`.t    1635`    Gi-,?-1    i,{]    1.cccrj.-clt`3d.
rirh€}si€j    sr,`t:,oti.a    fLrL    :.Ln    L.:.`rrjrc;+L:I-r^t'jr}t    Wi,.l`.11.    t,hoLIC    1-t`1i)Gil-'Ccd.   b-7
I:.(.I-.I.::i-I  :,::.i:,.:-,  a       I:(`.1=i,1(-,-i..,I---.  ~}        (t  ,,.,.J-i,:,,-i:r.,t`,:..,ll        (,i.:)   a
.i``~f`,:`,r..,]F`_T`i`,`.`i     `         I,.,        I,`.                    i.~,,i:,.[`.:         :.\:`..i....I.         .`;   ;;i:,     -.``.t'-^i.`.-`       i:t:-i.r'tell3
•|-,I.i;::.I:;{;         t~?( ..... '`1:,i,\\:.I,`,,/+.         ,`.-,   i.:...T`.   i-,C,'.   I..i.:   ,l.:        `|.L      ic::`~j          C;``H       1.`   ';         `:`:.i   i,     i ,...   :.`+`,.`J.`,(?`:i-;:I-;-``:.;(t.a
__-__..`_J
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+h`'1`fjqt;..:t.3.,'|Gy   in    G3.;imL
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'Phcse   bands   are   ref.cj`rrtSd,   t,o   tl.'}I.ougi-lout   t'I`+is   paper   in
the   follcjt.j`ing  .tiifLi^mcr:      tTj7.pc  i--uriionizod  cciriboxyl
(-CO0II)   b,..1nd   at   1730   -1700   cn-I-,    tyi)a,13--oC-£u,^iTlonitLTr`i
-1
carbo:€t,rl:{`Je    (n2.t`r+I-IC.L12Coom)   band   a.t   1630   I   1620   cn      ,
and   tr/po   C~mec~{lminc   carbo3`rylate   (.f{2l?C}12C00-)   band   .-it
15`85`   cr,'i'+..      'lTl|+c   icjniztfition   coast;c-Jut:   of   ;Jl)'iTA   (II4:I )   l'oP
eacl`i  c'+issociation   stuep   al.e>:
PI'1            PK2              P l£3
Ill_i.Y a J£3Y-a:32:`Z.2-?  I
PI|,-
[y3-¥ -:fJ+-
2eoo           2.67          6.16          1o.26
I              11               Ill
Bccaus!e   onli/   one   br_`+rid,   t-}ri-jc   a,   fiir)|!e,ill.ed   at   a
pll  c)f   9.1   -I.0.1  +,rhero   the   -tctr'`"iegr:.itivJj.   €`~n]..t)n  is
pllcc?.oliiincill.ts   }`-,r{i.'i.::all_oto   ¢t   rll   concluclcd   tl:i`f]rt   I:L1.e   Structu3?c.+
of  `irj+-  in  aquec`us   sc}1'Libion  i.lust  'J`*
.::::L:::)|{crl2°1=2£.{\::-::::::
Ill
r|1.I,j`o   b8.in.c.is,    t':,ri`jo    8   aric`i    a    c?.p|){2.:`.r    €l.I,    €.``   :+.?1.i   fro:`il   6.9
to   7.81..7i'it:;I'e   t.he   'c:L'in.t)gt`+tiviS   ou+iir`;+r.   ig,   pr.edoi-;.line.il.i,.
`.Ithol'eforcj,    Li+ce,iipdin{t3   to   i`.T€|t€a].;toto    .~.,t    41..i    tli.c    i;.i3i`Hj.cti`u.\..`
r,I   i:.T\1+   .I n    .9.qii.eo-ii.S     .c,.,f.`j|ut: ,`',I-+   i. i`.Ltr.:t    T``,i`;  :
•-` ,I  i`-:;-, i
rtry,`(`,a-:r,:y`,?,I           --``,--,
-1': I
'' i-          ,1
-i   ,`J-      ,
::`,-.+\.            '
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Bce&iLLse   only   rjnc   band,   t~ulrpe   T3,   clppc3cir,a   at   a
p=rl   C)f   lL~8,    €)..`ylci   bGG€.`t`usc    then   d:.Lnegrfltiv¢    €J~niorl   is
prcclominant   in   this   pji  r`€irit-3e,   i`;al[aLtrioto   ct   crll
intc:19pl+C>tod      t|ic   strucJULurt3   oia   II2¥2H   i+i~   aqueous
sc}1ution   iT,a   be/:
I
IThertt;e   Gc)ncluLcq,icjns    `9.ro   in   agiieei-;lent   i.ii-ii=h   .bhoiT3i?   c,)f
Rcille}r   fL3`+lid   Sudr``ic!icr    (7)    bfis®d   pn   }?;.'LR   studi`-js.
Sii.;lilt.+I'   cn~b:'Jorptic;n   g3h5.fts   ainc   I,lot-,cTtGi   in   the,   IR
si.]cGJcira   0`{'    i;Ill.{j   jHj)TfL   Oil.c31`T.tics    Or   c€ilciun,1,    st,itontiun':1,
fin(`1   b€`ir`iuni   1.cF.orte3d.   in   t`ii.is   i..rap?,I   irl.   F:i.€,;.u!.I.e`s   j.+$5,    and.
6.        Lm{1e   1:t`ra^gn€3Siui-i    (She.|fii3t'}     (=hT:.LSu:,.t!3     .3)     3|ic)T,.`yi3    r.io    S_hjLiir'b
in   .bho   position   c`i.i'.'   thfj   b,lad   cls   tt.ie,   ?t-,`:i.+I   is   va?.lit;d®      In
fac-'C,    thc`   I-ii!.3<Srii;+,`siul'1   cbitl&te   I.]rodricf;a    o.nl.;I   or:i8   bLriin_a   a+J
1610    c}:i~L   in   tile   pjr.I   r€-iin~gc+   ill(}m   I_i.a3   to   loo3G       rlLlis
ba.i-i{].    .f~'ppc?`~`-i.'`s    irl.    i;`{ls    i:£3.1.;11`    rc{5:1rjn    r:I.S    -bb(i    t3r|:}C-;    a    .i)anc`L
i-iferl    t-i'}C    ur|Cl1!j|€:,„t;¢=3Cl    .T-Ij)r.L'A    .:iric-i    is    i?LtJt;|tibtited.    to    t|1_cite
cool.dirratiori    c7..£`    ti..Li.i`.7.   Crfur'bf,i}::;rl    t'31q'`iu.p    i+rit!.i    i3li.ct    ?`:Ii{3.LIL`.I..
ior?„         ril-1is     i-;:i,,.1.t`jo     C>.i.-.    b{1nrj.    '{`rill    1`)¢}    il\'3£`C|+t`l(i.    t{)     {-i.tL3.     £,`i    +,.;.fpt:i
1-)    b,9.ndS         IT'cji.    r;4iatr±Pr+C}Siu._..1^    -'L;1.'3.C     t3i;r'ui.,t,1i.rfurt'+    T`,Iv'f.`ulcl.    `iJO
i-:i `"+ 'J  `  :'' :  Jt  -,  ,? C  (.-  :-  :  -. -L
f,/ `,  ` ....-,,  i   a
: ,-.,( .-,,. ;          .-i..           :I+  -.,- :  ,,,.- i     \Ji,,,,. )     \T,:|-(     ,,i.         i-,., `f`           -.-, ``            (                                          .         .,+.`.,i-_..y(         ..:.,T'I.lie,i,~,.
`i..r.`\        ,`',,:A_:,`r::`?,I,.-,. !.       i,   `+       `.-            i    .   :1   i-{       ',lil.``,->.„.,t`    r|.       t!..i.`3t{,,.`:f-i`.,   :..,:   \     i.)       --i-_„`"        `.1,`CctlLrl":€i
•tiT}        ft.        .~.+'`J.:i'.`i`=?.C.i.  :,I.l':i        r''.     I    ,-.='`{..„        t\?.        C.  '`.`}.i~\`.p:        i3`i-i.:`j        Cl~.I  :I-i.  L;   `;         |<,r?       `).`,;`.;~-.i.a-Lit.r).:.i   :i:,r
`,.
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brealc   apu.rt,.      Because   no   t~yp3   a  bc!`=/id`   {.ippcaiiecT,   it   is
concludc;d   th,rlt   t,hc   chc`1ate.  1.c!iiairied  urii?potonatcd   dc)1^m
to  a  p}I  of'  lL.8.     It  is  interesting  to  i.iotc  that  when
the  pji  1.Jag   lot.ri-;I.led.  pfist   ).I..8   pr'ccipitaticm   ocol].J.'1.cdo
'm_is   precipitL``.nt   liras   pz.ob€.i.bly   =H:!+iDrJ.TAg       'ITi'ie   procii.itat3..c>n
pr>{3ventccl   th3   inf3:'a.ined   s|iectr'a  fi.om  b,``.`:ing   recc.`rdif;d   ft.t
lr`.1.r   p.I-I   V.9.1U.es.
The   inf.r€i:ifcd   spcct±.€i   of   Ca-   i:D'L7./1..    (Fi,I;ui'ic   1|.)
sT£'icjws   fi   c}`~fin.itG`   s-hift   in  tb.a  position  of   t,he  bands
T|`.rith   a   vci.|1iil.tion  in  pit.      A   I;ypo   D  b.q`n(I   (':.1etal-   c8.rbo2Lnylat:;
bond)    occl:.I``.r`,   in   .bho   pit  1',':`*TILt{3   from   11.3   to   3¢8   £lt   16t?0
a.rr[-1.      ri'hiL`   Shou|dc;I.   Sugges.ts   that  pr'otc`n;t,ion  :.LS
oCcunr.inLr`,.      At   a.   pl.1   oi+`  -3ao   tl}crc   is   ctnl;v-   the   bL`.nd   €`ii3
1633    e.I-i`-1;    i^?lil.:i.c:n`    is     {`-,y.pq    !36        :jTh.3T.g    ir}f./`pli`,r.+.i  c>n    .iiicl.ic`:`+t,r.;q
t|iat   Cfj.-1-.ji)r|T/i   I.o}-!iai.71+h3   uil+protonated   fr.Om   a   PTI   Oi`   11.3
to   Li.   p]--I   of   ii.pill.o:I=ir.lil.+'coly   lir.5.      At   €i   pit   of   !i..5   a.   sit;1?Lie,tuna,1
cl.lil.nge   ccq.`iiscd  by   prcjtona.`c]...c`n  begin,.i   to   brcpL'it   dc>i.^m   the
C`i-io].{3.te,    i+nd   fit-,    a   P1.I   G1°   3.0    olh:y.   unicoi..r}bincd   cLr`.1c:1.uril
aricl   I,'j)`.i`A   all.e   in   sc`j]..Li.tic`n.
Vat.i:ition   of'   i:he   PTI   !.~i].So   pr.t]cluccr..;   iihifts   in   t,.11_c
at)£C)1|i`jtif>il   b:-`iricT`is    a.f.  Sr~    EiJTj^j.    (i.I'i:.,;ui^e    5`).        rinnc    a-;`L{].i'!it`e
Ob:-:Cfvc}d    is    VC.rjr    Siirl.ill.-a    i:O    i;1-.C    a-I.L3.:.i=€?    :I.n    t}~io    CinLm    ji:`J'l.`i.i
-i.
f3p`.i,c'`l-,|~`8..        A   bt`.ncT„     t`;trpt.;    i),    i,`3    fLT.r,;C`\...;r'Cl'|cT,    :1.b    I.J`95    crl           |Z+
•L .,.-, :.     T`:i     :,:.` ..,.  `.,,,     i-=F`,r,311q.3,   tt.`i     5`,p`?zd           'J'i-_.L`     .r,._..ii.``:I     ::..i;     =:..I-;`',`'j      c?`+imT
(`I.   ,1,-`,:Lc`,`jL`               I:|`Ir)1.1J.dc,|'`     8.t     |63i=     a.'icoL          „     .```    -'`t          ::I.-:,*(,LS          'j.rrLis
i;I:  `..I``...J``..IL|C|.J`]-'       f,`;"`,I,`_.I,i.J.-;  ts       t.1`~:.f!  t       ['?,i   |':I  i,`..   '}.`'``..i:,.:..,I,`„      L,.7`       iJ'l,(i       a.}|C|.`|tc       I..a
2.3
b`a,iT3il`minrj.       .`.\jl`|t5il   t`l-le   pfl   is    lcJi'J{}l..l`;t.i   'Co   iL.0    oil:i.v\r    one`
baincl,    tsri7(`,   :8,    gip.po£`.rs   :.-:   163.3   cn-1.       I''TLiLig`   i]ifoil;-,-i,:ition
indicatet¥   t'lraie   :`5rn   .;I-i)I.'A   :i.s   unr)rcjto.ricrlt`?d   fl.cm  11.3   to
3.9.       At   i:+   p=hl   f~{tf   3.0    ficlt}e   oi'   tl-ic   ,.Jtr3ori,tiur-ti-   ccirboofTryl:`i..i-,e
boi'lcl3    €tl.L`   bc`,in3   brcj,'i{c>jn   by   I)I?c>.t,onrr`tion,    cl, nd.   `:i.b   a   I.3rl
01"   .,)+GO    the;i    C`f)~fj:1^.tit(I)    ap-pc.fi?.|S    i;c>    bi:i    co-i`,iplf;tcl}r    disgc`ci€iLtc`3d.
Trlle   inf±.a]:.ed   spc)ctra   of   E;]r4-   i.7.1)f|`j'i    (Fit,Li.|i{}   6)
€ju.£3tcjos`i:.3   s bructupcLl   chit,Tigc3    si:L.iiila`,r   .Lo   thl:3sG   obsc3rved
for.    a.i-    |L`;)I.i`A    ar`ic3.    Sr'H    .:T]D`.:.'A.        fi   b{r=u`ic`i,    -bifpcl}    I.),     is    fc)1md
erl®
gLt   1590   a,rti         in   t`:~.ic   pri`   rfLngS   frorr;   I.1¢3   to   6.3.      At   ft
dyl
pH   of   5$1   a   #.i?c.Filldelt   a.p|)c!Lr``p,s3    at   15`'TT;0    Gill         ori   a   net,+
-1
biinrJ.   cc!ntei+'ed   Lri+t   1630   cm      a       jlLt   a   pri:   a.f   3.€!I   orjlT;f+   One
bancl,   t-yrjfj   BS   clt,   ]{13()   cir+   is   obsi-;rv`rjcl.      ']'.7hese   S-:]c~;cl-,Pal
Lq'riif [L;a    i]rl+die,c:t.i-,s    t,.i_?.€.`it3    +r3:1-..ijj'j``,i'L    i3    U,r.1,1r3,r'O.LoilfLtecI    OVL'r
t:I.Ici   PJ[   r.cln3c-fr'o.tLri   11®3   to   6G3.       i:I.t   cL   p±rT   ol'   5.i    t,Tfte
Bgi.in    jD:I.!ftt    c3h.{3J..at|{h;    srj`'j=~|s    to    be    lar{3C1-:`,r    dis!=Cjcif.`.te{J.,    €Lnd
CLt   .£.   pit   c)f   3¢8   Ilo    ci`it`£].Eitcd.   b{ .,.. i.iuI,,1   1.c3i£3.ins   i.ti   ;'jolut]T.on®
I:L''=:i.c>    {`.|3pcc-Li'£iiicc    c,itt    tli.fT,    tyi:.`O    13   1`}Linc`j,    1`ij].1    Jj.t`Le    vtiiij.cius
Cl-1c:I.tr`!.I.i;£!     Sugi:i-3;-ji:i`,    a    ~i-,ell+rj.Gric`u,r    ±`rjr    +;`;'`Li}    I ic}t€1|co    C:l`i`1C.itcj`
to    1^jc3e.01n.1i3    Protor|tl.;JC}d    3Lt    ,1    il.itcj:r|C3in    p:i   VLcrl,I.1.i.(I;    ac    O||C    £`;`~Ji=:,i
dcIY`'.,rfi    tirer    (..11l'=€:Lliric-    (:jc!.I`th    a (jricij a        '.L``r.1f3    f..i.I.fj.i-;    i3.`LC`l]..Ct.Cltioi+i
cf     t,:'i{+3     t:.`,ri)i.}     j3    b-:t`11cTL     €`vp:r.irrjrir's     fG]:'     a,cT,icT,it!J':1     fi.t     €-L    T>?::`:    'Or    .i,L®5`£
:£`Cl:}.-a        i~,`:.:,.r.r,;1   i;.?_\.:``,:`r`        ;.-.;`:`:.         L        .}'``;I        {=t`;i        .LT;:5l'?.a          :^'``':('-:.        `.('f.^`."       |~),`-i.'-:1,T,'`_,ri        :_i.i,        ,L},       :+LHi
`,:,I;        ,i,S:-,¥               ,,.i,        +-,-.1`,,.            `       `       I-),~ .,.,-,, I.-:,,:J .,,-,,-:.i       .i  ,.,.-  £ri                  "         :
.1,I.I          :I..,.``       ~       h'_L,,`.     I`                                         .rl     ``,I,'}`;           \                                     ',``     :      '.`'`       '`              ~.`t`L`           i,I.,.. I       )`,{`.,I          i`:``'^.i-:.I.-:7=|..`
'1`,,{     .,`;.`;        |i.i`';i.{`;`,:I.`L,.,     :         t£Ii;it;        `;-;i-i€;        a+L`_t\``:I;``:`.ht.i:,        .i    ">         \,`::.i   -,.;=`:,)~`.`',i`.t,{.:c|       {!.`;.uj       .r,i+
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vcilucj`s   lot,iJc;'r.   t}if;n   lL.8.       Lnh='.r,   WOLT.1d  I.ic,an   I,h(`Lt   r}agnosiun.
is   an   except:1Lc>n   to   the   ob,3ervation  a.l-,fLtocl   {,.ibcivc.
Accordirig   to   t].1+e   app.fii.©nt   ec-t.se   oi`  prat;cjnatic)n  of   thc}
various   cT-.''`?1atcs.,   the   c)rd.or'   c>f'   st8.b3.`.J.ity   is :    ca.IciuJri>
m`+gncL.,iutL^j.   >     st-j^Loritiur-ii   >    bcn.riuni.      `l'he   true   or'dJr   of
s't€`.bility   =.s   cfilci`iliii,1c)g  K  =  10.6  >    I:i€>+gnesiuni,log
K  =   €"   }     £St=`oril-,iur,rl,   log   1[  =   8¢(j7   >    b:``r'iun'1,   log   1``=  i
rf .rT    (()).
A   co]ii-p€].rison   of   tile   positioii.   of   th.o   t3rpe   D  banci
as   a  function   of   th(3   ifjnic   radiLi.s   cp+_n_   t?~1,T,o   be  iii<|do.
Accol.ding  to  lic>I`pis   arid  ]3usch  thc   coor`dinated  c,£trbc)j`rjrl
group   £`i`i3sorbs   at   a  higher  1`-fcciuoii.cy   f,:i   the  riiet{].1H
oJT}Tgen  bonf.3.  bccoliies   :i;lore   covalc.nt    (3).       i:[I-le   posi~bi.Cn
of   t`rie   t.`;rTie.   D   bc:.rid   fop  17-iac?,}i¢;Siuiii   is  .1610   ci-,I-1,    i`oi.
calciultl   is   1600   cri-1,   foi.   g+,ronbiiLiur,?   is   15`95   Oil-1,   all_f`:.
-1
for   b€-i`riur'in.   is`  1590    c,]n       .       I-l`rh3sc;   bli-nc+   po3itiom    i.tlc1.ic>,`..`Lt(;
i;1:I.`fit   the   co-v.{.`lc;nt   c].-;`fLrj..ii.€}tcr   ol'   tt].a   bcridin`:3   incr''jasiJ`S
im   -bill.c`,   a-.rider   b.?+ri`iii.;i   <   .  .c.I,trc`jntiL]jii.      <   c{ilc,iu}i     < ,  i'it'ignosi-L1~`,1.
`.iT.i.:;i-.cfo}.1('; ,    for.    jGhf3    ,r`i;DTj'i    cT,hclfiltc`S    t'r.;-±    cowl.1.i;fi+`    CT£`u?|`-'f.'ictcr
ctf   tit..,`~i   bc>.rids   is    i3ivc3;''S€1?/-   pro|>03?ti(j].i.:-il   t,o   tl~j.e   ifjnic
r{ir.`i-ii   ol`   t-Lie   I,``ictal   i.ons.
S€-`<lr},i'.C;I..    £jLni=1.     P:-.Lti`L1,ic3n     { 9  )      stu(1ic!d.    tilts    ca`i|T`:{=-).lil.}t;u
Oil.1.th     a:..Lr31    `.L`,|        ,,:i.,        ,;-i,rJ~lJ,l     irJ,     i.`\=`-:      .--,. `-,i ,-.--,`r.     ,,:.i,..-. :``-i            ,   I ,,.. i.     ;,i[   ,   I.,:,,:I-+-
I.1i|]C.C`|        i.1.-]'.`        ._      ...:+:.:.._                `~         ,^.'-`,]`"     I      -`.       J`'.u        ,:hi~{>          `.„L.i                 `      ,.``:_      ,                ..     „
bonc?i{.i      `',.i                                                                   ._     ....,   _                      .h;b]..r`.-`      i
r,,:I          `L,:;`..             I              \                        :Li          :,,ir`L,.'`,.`                     .`,:JI\                          L,t`         ~`.,                                               I: -,..              I.,1'       i       r           \~;.r,.~.\+r=:jT.`         `
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i-;ti{.JiiJ   the   ljondr>   a.I   thc`,   i,^i€igncsiun `ciiel{i~te}   Lrlre   st=r'or.{'3t>r
t}1{lrl   I.l`iose   o£`   t'rit3   cLilciur.:I   a.helc1`Jcc;   in   the   ,cj`.01icl   state.
rThc3y   th.ciu{?;h+,   I,Iiat   the   mt€,fj3ncsiu2??   cl``iel:3~tc;1   li,rtTis   rilor'e   likely
to   bF}   pi-`i=rit..Lall5711`¥clr&tecl   -in   solut.iLori   and,    thus,   h£`.V$
1,`rc3..'{{cr   bo.¥~`~dr,   t}ian  the   Grilcium   cholato   in   solu.i:ion.
I-IOT..,TC}V'®:L`9     tl-ic   }..Csuli;LCT>    Czf.    this    Stud?,r    C)f    the3C    Ch¢31.:i-'Crjs
`
in  aqucou{`j   sc;1ution   su£::5S',c=;t   thii+i,   the   I`[c|-   I:'J)T/i  bond.s
€ii'Jc    Lc!,-br.o=iiectr   than   tho£S,:3.  of   C;a-    `l:t;`l;\.'i'j^+.   cvlcn   in   solut;iori¢
'.LTlic}    ini`r.fircd   s|):;ctr&   Qf   I.i!.IJJrT.,'\    {Fi€-.5urc.    7)    £1il`So
dc,.ncjt¢iS    s.t:I..ti.ct;urcr+'].   cl'i,f`n{^jef3   iifl`.`ien   t;h{j   pJ-I   is   v:iLr3:i.ci`d.        In
tlr``.cb;b   p:`i.   p:3`r,tT,c   frEft}n   11¢]..   i;a   '90.I;£    orily   ollc>   band   at   1}'95
citrL   ifi   ol]:`iFcr.|v-'uc-i.a       ,tit   {3+   pn   of   7.a    ti,`,h.   bc;ntls   fi.b   16.?i;J
-1-1
Ci-il           {J.i'].cl    1390    c2m           :=i.ppt;i_iui.   1^iith    ELp=3:r~cj,7fLir.icltc31y    thc    sfu`Li€>
iiii}t;ilff i.i;.:rG         .<.tr;-iu-r|     :Ll.C3    P.i`ir   is    Icjt,A.j-i~;lil,\~l    tc}    JJ.?    -iJ?i:Lcrc    iii
orll-dr   a   ;¥hoLl~1d€3r   rLt   1590    ci\imf   i,\t:.Lt;h   Ll.   si}rctnt:,;   b`'~f.nd   at
1635   crirL¢      Firi{3.11„   a.`.-L   Lq   pE±   of   2B9,    a   v`3_mr   t~,1ig]j+,
shou-ldci`   i3.i-;   171!5`   c=i-1   €3.Ird   t`.   bci.riii   of   h=.L£;;b,   inberi„T,ity
tit   1635`   Gr}-1   f`:I.io   obscrv¢d.       i.[11S`r5tl   :ji)cctI>€t   aric;   iri
€3.=;2,`t3f;lil-c;nt    i.t-i.th    tTL`.a    TJ(}r'.1.I    c)f    1?.n.1¢a,T`'1eto    ;±ji   ±ijL    (I)  o
I`Ta.Ic€ii-tiot;\j    ct    Li.1   iri-li{'-,`rr.`,19i3ted      Jjhc~ir   1.{;£3`Lilts    .i.n   the
follcH?ing   rf.t`c`43.?.nr3rt.         fll},{.i;.   ioi.I+i!,:.,=iti{*,tn    co:ris3 t{l.n.'CS    i.C>:r?    I'-F;jJ':l:.`A
(I~13:I)     fo-xp    ecL¢+i    Ct:LILCJC:i,.'|'Gj.(i`.n    f-,.bczp    ,:3,rr;I :
I,:`il               P1[;:               pl{ '`
-:L,`.-;:E±|.-,;:-ii-';:::)i-ii-;:-
2` a 6`'-i.              -i; a 3.i,               9 a?;j'
+,I                           \.!T,                   `j Tfi-
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13€3c,flu,3e   the   i-.y})e   a   band   I..`q   tl-i6   only   baiicl   that
appco.I.s   €-iJG   fi  plLI   of   11.1,   &ncl  beociusc   the   trinc{3a.tivc
f{)FTa   is   prccl.oi-riinant;S   Nakai!ic>t,o   et   al   cft}]cludcd   tli.at




`mc   bancl`s,   I,ypc   8   a2id   i;yp3   C;,   ar'o   oi'   oq+i.pLl   intcng:.ity
a.t   a   iprl   of   7.0.      '1`i'ie,   preclQi`}irmn.b   sLr>ec:.Lc>s   presc;nt   io
HX2-.      Bc>c&use   the   bands   t.irt`g   c>f   equLil   str.cngt;h  i`ra.1t[arti.ot;a











A    ;-jtrt`,\r;g    b:'3.nd,,     t:rr,`T;    1},    -.ir:i.I.Z:.    cn.    `g`.'iioulcl.c3r    `.--. +b    tTric
PC{-li.-'Uiori   0|°    i3trpc}    'J,.   Ln+PPC+;+i`.Its    LLt    €,a.   PI-I   G\i'    5`.9.        ,-:}it    t}lis
"
pit   vfi.lil.a    t]'`i(;.   plriirici:h".1   .+J|`1Cci{)$3   P1.C5CIIJd   is   li2J':   .
t.riis     t3tj.id{?nc`^j    I:-.:i~:i:{3.;  ii3to    c`,t    {-`.1    c`':.`iicl.uclccl    tl'].£`Lt     L`:-\fj
£1t;|4U.CiJ1`_1..i?\;       :jiJ` ,..,i.i`:.  i`.      -i,t  ,'.`,   :
-.       ,  (     -
```     ,                        i-/`.4
(JJ--,`,       `,`   ,.,-.      '`Jrif,",?;:   `,`,-i,_
|H
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At   ,'i   I).i-I   o£`   2.9   t].1c}r'e   is   a   v.i=,'l`.=,r   slight   sll(:tulclel.
a,t   |7|+5   cr;caLj   1,A.!hic|i   suggests   tha.t   a   s+Lllall   cir:!ouJ1.fj   of
tij.pe   +`.   bo.lid   :3.s   for'mi-ng.      '.[The  rr\,€|`in   bt?.nd   is   type   Be
BCGausc>   t:Ji¢   uricl.isst3cicLtcd   fcipli   .i_s   predo!T}in€ilrb   5.a   this
pl-11`€tn,I,a,    ll+a<k£.1.I:nLoto   ot   fj,I   cleciclc?Cl   ttl_{lt,   the   Structul.e   of




Tl'ic`;   £Tl~1lt   r,ti,i.dies    o£`   Roill(5T*   .|rid   S-Li,dimt3ieio    (7)    ft2u..ppor.i,
th+G   i-lr,r3-th,i^fji-I..68   abov€>   for   thc2   Str\!.c.t',ui.e.€j   giv.gn.
Band   Shifts   a:i..1':1.I..,1cir   to   those   ,`.}bS,r3rl.rcld   i`oir`   tho
C`Jrj|n`'J SPC)r.di.r.cr~i.:    J3il`.TL',:'4L    CTi|.C|€|.te sj     r.|Jl.3    ric>i=c;ic|    iin+    `tT:-if;     hat,pr.Jc.t.1-T3+
of    I,1'ie    chcl£`.Lt;es    ol'   -rl.:i;..iJ''.I`./A..   with  iTiagne]siiii-i.iti,    crilciun`',-i,
strokf.ltii.IJ;'i9    and   b=.r>iunri.    -rrfls   infrJ,';i.ri.ruct   sp€5ctri:?v   c;ifa
Ill.t{3-r`=,!-]DFj*i    (Ii`i€.}i.iii€i    8)     shc>w,s    Li+   dcfinitc3    shi±'t   fi.ot.n   cn~
b{|nd   a.t   1(212   er-.rL   1,rli.en   th€3   i]Ii   is   .i:L#1   tii   fi  po,sit;ic:t.-`+
oin    16.35    c-~,1~£   1`r:ric`ri    .L31c    r!II   htisl  .bcJ3i-j`   1oTf?C`;I.`?,d   to    j_:.05S
r`frie;    pI+1    a`C    WlfLic:;i-1    t.!'lc    C`£ic-:1€~ltc    bcicoI.tl+CS    tJr'tjrb{J=1{{]~¢bcr,i    3..S
d.ii`i`icultt    tc>    a.C}t„:):yh`'l.]iT!^C)    £`r'C)}r!    t,hc    SP\'3CtlScr,a        i`.1.t    a   Pf-i   Of
COO    I;hc    bL].nd   i,g    1,-ittic;    cf`.2|d    |c)ca'G{;.lit    ,+_`L+,    1615    GLcaL®
rJf`ijc+.?t.'~`,T'.`i.T3i£-I.g     tti¢^-}    i3T:     iJr=i     ih2`®5`    bra::1`;lc:ri£-3     .!`=,b,13     bl-i.i-lit    .Ll.;rl,I:+i.1     =.Lt
Gi.tJi:.L,.r£,`T``.-I,      .:I:,i+„     ,i.   '`]  ,`~`      („unL      i.-,,.,..1+;:>.?`t:?      cAn.ca'=[-¢             -tL{.;      r~.        /Ti     ,.\j:i      i;$o
•.-I-J-.,,,.,       1+     ;        :i--^j,,,(^\ ..,,-. +i:.:i-).iJ;()~1rL}         ~,?:.`+i.1.`..'.          I.i\`,    :;          ``_.```;1,/,,``r;,'.        .r;:J`,'~:    ``,L,      ^tL,`--'     .      i'`
L,,.`,:,..`.;`IT~`.,i.:`S           ,i:,`,,=`:      ,.,I,\r             ;`.,,rf.         ,+,`,,`,f`L,`+`         ,_,^:`:            .`.       \T`.      ,;.;,`~       ,„,          ;=r,v,.:t,_,`f`,,,`:,.i           {:,q£.I,`^,        .I    ,L`,.:,Lt;
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spccul€ltc   tha.b  |jl~oton{itio.n.  is   just  bc}g:.in}]ing  :ind.  a
type  8  b,'ir.i  is   stfir.ting   to   I..orri.}i.     At   Lq  p}I   ol-  5`.5   t.ho
Vony   brofld   b,LILrLd   ,rju€5€ests   tll.ei   presoilc@   of   So}rio   type
8  bll-id   c3Lbsorption¢      IIowevti3il,   at   th]..f,   plJ   tji.oto+na+tion
appap€>ntly   i.`.3;   riot   sufficioniJ   tCi   ci:ii`.1.s€5   thc3   chclt\te   to
bri€3,atf   a.pal.t®      At   a  r;]il   of   1!...5   the   b€i`;id   is   sharp   a+nd
pot3iticjncjd  .::.t,   1635`   cHnLS   indicat`ing   onl?r   :~`.   .C}`pe   8  bil.nd.
Bec&usc3   ol`   plnacirjii:£'`i;::Lc`.'.1   {probJ:ibl..V   II3III'JDT.A    ) 9    #|J©Ctlta
of   i`Lfg-   JLi-ID.lTj'i   could   i'iot   b¢   deteJfj,-,iirl.cc'i   below   a   pT.I   Of   i+a,F;tr
rlhe,     £3p€2cb|''f:I.    c)f'     Ci.I.-     }i`=:li)rj]A     {|in.=L`;:3ui~.{3     9)      S1?.Or`.rs
struct-iii:.`i,`Li].    cht`.,n{¥,c3s    3ir{iil{i.I..   iJ-.o    tl-1(J`[-}e    o`i~.j:sJ`.Jr.V€`,cl    i.oj?   I+'if3H
jL.IJJ:l'```i.        Ill    t^L'i€    pT?   1.'.£,lrl+Gc    fl'or,1   10.f=,    t;a    6.2~    i-,:plc   bfi.r!d„    t¥-pc2
ijs    is    i{,G€\i`-,t~3d   {it    i6oo    c|;icoL.       +:\+t    .r.   pit   o.I   tl.I.|g    tht3   bitliLi.
11f„   tf3-;.-,. ij..ti:3d.   to   ri   p(j#ijciLlln.   ol~   1635   a,rl-1   i..ii;:n.   fl   ,C3l']au„Cr
a.b    ||'7.UO    a:-i!caL¢         'f:I.is     a?\fjtu|c|I:}}.i    int`L;~cz`L-t:\-jfj     -L]|C?~t    I):riot(Jnl{l I;:.L{)I`i
h€t,r,    occur23[:lc,d    Cii-id    i,fj    Gal.tsin{;~;    tl-icj    cl-i`:31.:.`tc    to    b?.:.i~;i:i.I`=    a-fL|.;tf3.i''-t.
At   a   -p]I   fj.1+   2.3J   orhTt}r   one   b{iricl   i?`Ji;   1fj.35   c}i-t   i.fj   ;cjrc£€m.b
8u.,::3£3{3L3ti.r}ii:    tit.i-Lt    C`:3ulcitl=rri    is    i-io    lc;:I-i:3'J1-    chc)1:it-,C}d.
sr-I-I,,£i)r.rA    (I.iTit/jLirf.5    |o )     €!,1:.:,,f.1.I,rhr,    1;-,i,:inLl    a-rLifi;s    :`iiT!il{|rb
to    i;hos#    of    ii-}{.i-    I-i.;`jD!.IJ'.J``;~.         I.r`.    t.`!.'iL`,    pl[    I.i.13.i``¥cjt    frf`?..i.`,1    llpl    tr;
6¢.I+   ()n3.y    one   b€:..:ric.i    rrb    1:!'9£    c}Ti~L    is    c;tL>st3rvccl.        :t;.li`.3n
t5Ti{..?   1)1{   is    1.r,tT.I,ri.i:Lne,a    t{J    1}..3    thi?    bi't+rir3    ,fj'fiif.tf3    tfj    a    :}a,c'3ition
C)i`     |if)3`5'     C`t-.nL     '„i^-tt|    :i.     f.`ul.f`.i.-I``?`..1.  J\:C     £;:,-|{)ill.:i.a.`*     cl~'r:.     .i.5(;=15     Ci-i-£S
.f~|l`c+i..\Tir`r;       :;.lLob      i.in.`,:;`|(.i  iJi`j`ri`.rbi~L  r`,      t'-i`-rt`:.`,       f.>c`,t:;i,`t,..:.I:``..,rrT.  a            `::.`.'L-..      jr,3      iri'b,'`..-i.''`-`l,3  bus
i|,:+,     I,a     ~i.   \;I,.,     j`~"     t,tit'`,     r}i.`i``,`ii..1.c|  ``=.t     `j`JG     "I..='{?;;     ewfprL     i-i`4    i;1ir.`,     efi,"
;.i:i`}"      :J-;~.i;.|`j.-,L`,'^;,       :i.   `,`      :,     `:,`.`?,  i'|     i,.I:,)i:i)`r.I;       {..;{`;|':.:.Lj'i:i.   :j`;       ~:   `.    f_``J:r|      I.-[|(;}       i;.il*f`)u,i(i.,j|?      t:|t
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1600    c=,1-1   is   i`or   Cam   I+r!}jJr|`jl.       `wrhen   th`?   p}i   is    lcjT,.ri``f.,d
to   2.C   only   o.rio   bcint+  ph-b   16.35   Gin-1   i,.3   proscmt.      ;rb   thi.a
PIE   ttlc?   ,3tllo]-itiur.'.1   is   no   lrjilgc2r   ch`?1f.i.+,fjd   T^7ith   J'I.]D`lnA.
'1tilro    si7ccti.a    of   Bo.-H.;JJJ;.i`A    {.i.Ti`£_-;ul.e,11)     su,st`:`3ost
the   sclrt'?a   s truci3Li`I.{;.i   c`Triangets   as   h€ivc   bcon   tjbst:3r;v€;d   1'cjr
the    Ot.'L'icr   ,5\]..1i{{',.`1i:n.cj-c8.I.th   chf.31€i`++:~:I.3.        fJincl   bij,nc.i   1.i,;crjrdcd.
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in   the   i]Ti.   I.r.ri`.i;a   i:`ro}'i.lil.2   tci   8.1   occul.f]:,   il.t   15J90   a:;ll      .
At   {q   p]I   o.f   5`ai°;   the   ban(i.   &-b   15'90   ei}i-1   is   of    L+ie   Sa.Tio
i.nt`Jnsit,`jr,   but   cq   ,c!ho`i.tld`-;r'   hL+a   c?Lcv¢1o|)t}d   i.i.t   1630   cm-:I.
This   inc`1.icL1.tf3S   tl.`Lat   thci   ll:Ct`jo|.   a.b{rL3o|'pt]..on   at   tb.i,r5   pll
T,.rLls    ccq.use;`cl   by   a   tryjr|)a   D   bg.?ric)„    but,    i:il   add.i.tic')n   tha.+b    Sr.`!r+G
prot,cij.iation   is    c}ccur.r3in{;.       IIOWc}VG},`.i    €lt   fi   PII   Of   fj'ao
tl~jc=;   ba,nd   of   m{ijcji~   into,n3:i_ty   l.1.as   I,']ovcd   t;rj   1630   a.i-rr.i.,
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;`ilic`i   c>ri].5.i.    {i    sl.\.oulcl:t;I.   rc.iti,.i-lib,13    L].t    13i;(i    ciji       .        A.t    -b`t,tis
pll   the   t.:t+pe   8   bancl.   if3   r.\?f5ijc!nsiblc3   frjiri   t-lie  I,if.`t.ifjr
pOI'tion   01-   tl`ifLj   `fibsorption.       'lTh.(.\r>e:£`Oi.a,   p.Toton€i'tion
h€`„S   bcgunl.   tc)    occur   s.i3_ffioic;ntl-}r.  to   c{-ill.se   soi7ic;a   br!c,i,a.1:;i.ng
ol°   the   bat`:r.'i..{,I:.:I-    a,'`1rbc:Jr..ylfi.t€3   bc>nc`ts.       i\t   i3.   p+i.   of   3.0    Only
€-i`   b,rlncl   i`it+   |63|`    ci`:-1   is   =i-j|~.cS€int;    +,.i-Llj..3   b€i|liluii|   ir,   ncj
lrJn:;`~;1.    C1-`L(=`|.rLtcr|.
f|Th4c;    p:r|    cit    1,I:i~-.I,i.e.h     bTftc    CG:-a{.;.r\:Li.n03`r.Lr``ijoi`r.yl.r+.i;C    b{.``nd,
t~u`Tirj`+e     `:r3a      {,`L|.)|1C-:'}Lrs     :.Ln     i+i.Ii.::    l'.IC!-'G:``.'l"     =-I..JC}T.L^i     ,fJPC(i,tl`f~`~     -f+(j-`r(.`:-.?ilf}     t}i,?.t
i;h(?       r},:`;,;:`(LJ      C;|9      .`P='(}  t{j|l.;+:L^b.io-t|      ibr-:       :`I,r,.|73~tc'=.r„i:  '|`'`Li;'`)|',;r      I?~`{-:      `LT1``T:       ::1,`~..:     :i
CJ|.'C`|t'+\,L',i       (`T.i`,.,- :-,1i,'tl.,       i:|htl``-I,.        a   ji;'`.``1JiJ`..i..i,:-I-r   i:.I                                             '`    ;   `       i,   `    ,      ffi               `~`{-:     ,+,-L','L`!:i
iz.|Ci`:`LC.rJ.-tiicL.:        ,-./:I        i;lT`~`;         L.~-`::I``.,`       :i"'i      |j         t`    i'T        ,'     i`,i-`     .„:L.`:i        .i.\`:!i'``       r;:-:`,i(-;.i..LT,i`,i
`'..L`l.,`     tj.     Pi-I     C;j['     :'j`.L1S      .i.```'    ,,;     .;       I.i,`;1+   ,,.,.,.  „    i      ,'.`.i,     i;:¢5,      f'Or      a-:r`t'i`,,:rlt:1.`i-.A:-;
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ab   5.5..    &zid   for   bL3.piturti    at   3.8,    iivT.}it`:.kh2L'£2:-5    i,ho   vfilues    c>f
log   K   for    t}il.3   lil-1:I.)r+i'A   chelt.+.t;.es    ftl`e:    c'_+i.1ciuma    8.0;
iiiii+gncsiurii,    '}'.0;    Sti`ontiur```jo    6.8;    and  b.`+\r'i\uiij    6.2    (6).
Althougli   t`n¢   ripp€}a.i-.ance   a.f   the   +,+u,rpc   8  b€Lnd   occ.11i'S
at   tile   s€uTic   pill   fcir  ma`8ncsiuni`i   cq..rid   st3.icjriti-imi,    it,   i,ci,
believed   tb€i'b   a  ITiopL`   cfirtcful   stu(15r   wol;`ld   indic£`iJc{.q.   a
dil`i`orcncc.      Hot.rovex.,   because   t,Ti.c;t   loL3   K   Vfilil.es   £`L1.e
v(?I.`y   close     to,::;ctll~e-1.   for   ttiesc   tT,ro   c`ri51€i+t,es,   it   is
noi=   Sur.r>r'ising   t:'i.`qt  piiotonati,.n  bc>tfjins   fit   n¢3€`.rillf   thc3
st:`Lne   pit   vt3,I.uo.
A   cc)+7`ipc?+rj.tic)n   of   t?ic   pof3itic>n   f)I.   i;flo   t`/|7,:`3   D   btlnd
(ItliJt&l-   cf'|.`1Jc)J£3rl``^?,.tc`   bond)    £`is   €].   fLlncti,on   of   th`I`.3   i'onic
r,:i.dius    i.3    £=.|so    i,rib{.,`=r.1;3;3t:.Lr``{'3S        rlTh4e   I.ioi3itii~;n   of    +±h`C    t-tr|jc;
D   bcln+a   I.`c?i-=r`f.c;r|££`,ilwlij   is    161.2    c:-tlL-.i,    ibc,`¥.    c:`:`r~:`.cj~un   is    |€`rm
cH-LS   ftjfL.   fi,trcntiun`,I   iG   15'95   ciirL,    fi.fi`~'[   ftjr   b&ri`ii`i+   ir3   15`C;O
Cia+      ACcC}rding   to   i`r;(+)rl.is   :111d   r}u,`3t3l~i   (3}    ttlc   coct..fc:ill.;tr3d
Cf:.r'b(;x`/\ 1   G2.ioup    i:i+b.?,orbs    £!.t    i`L   highi-;`rt:'   _i:.I`fL;qut3nc}y    :-iLs    tl-ic>
lTiL`t,i-`hl-    C)}r.:,r,±;tT,a    borLf`i    '{)CCC)i,rlc}.c511lcr't3     c'j`,.rfl|C+)nt.         '.1.TL'.11|3S     th+J
Col,I,Li.1C;nt    a.`{i~;?,..rc?.c}-i-,t:`jl.    c;i'    tl'ic;   bonc`iii'i`r3   incpf'3iisGs    in   t:rlt?    or\rjcr
b{.i`:I.ii'Lu     <       I  i;=r.`'jli.ti-Lri       <    ct:.:Lc:?,,-i,TTi       <    =';:,I,..i.`;.I.lc.;I,:.Lunri    a.nL[    :.L#
ilr\ri..`j|';-; (`J_,`u.r    ijllcj}')t'3riJiL`j:rl_i-`i|    -i;()    tl.i_c;     i(iir`Li.a    11.`,1.dii    or    tl-jc.,    Ill.c+,t`..1.
it'`-j}-.If„           S].Lt;}il{:7.I.1     b c3`il.`t3,.'``.I::Lor.     i`tr``+.L!      :I.loll.:.).r_1.          :\'.`.':'i.;^if;uLct,|Tur      .i.`c.)r.     -:Ill-I :,.:
'=D,'J',lit     e,i i 1;  :. ,:+ .:,i C` ;.-3  a
•+`.:-i       :-.)               1.|~:'r'„rt,i_i-.n,``.tir,`,'.r}       `+.rt:`        .         L.,I,~..\^       I:.L^.I,                                .       i     I                             `   -,~„
L`;r       'ji````':,i.,   ii``,i   i,.`.j9        :F    `'.:`.t`^v.LLi`r.I'i   i.,fj7,        i-:Tic-i      LTj`.`i:^,:i    i..         LL,'La         :-.i.:    .,..`         `LT`;       1j`..::,'.'i.:-.t:£
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pl-I   value.cj.       `IitJo   o£`   tht>   bar+J.a    {    :~±.t   11lL0    ciT,1-1   anct   loL:~O
c2irL    )    o`:;cur!|`c;d   ti.t   {~i   p`l-.f   of   9..0    and   &bc>vc   ai'id   TI`rcr.o
ascI`ibed   to   t'L`io    >r\ic:.jr2CI~120II   gr.oap   t``s   a   ',|rrlolec       I:rqkar,!C!to
ot,   €J,1   coTi,:...`.:Ludfjd   tha.b   i;ilo   nc`,..r   bcirtcls.   .`ippe€.a?ed   bocausc   of
the   lo,cj3   of   the  iio£,it;iv.`?   charge   olri   t.`r+c   niti`'o{3cn  I'cltt'icr'
tho.n   bcjc{--iiJ.hr5c   oi`   t:llo   ionization   a.-f   t+ic   !1ydr.rjxfrc`t:try.I.
I.1.:`rd|lo{.i;r3n.      I.I   cc?.rlcful   stucl`y   of   I;he   ]`11L`i.:al-   chc;1iites
in   the   s[]/jc3t,It.3.1   p{+;c3jo3'i   fr>oI{i   125o    ci-,rL   to   Goo   cr,I-1
shot.Jcct   no   chf`+n`.=c;   in   +,11.c}   absctl*pt,ion   bEinds   as   the   pti.
i,.,.7a,3   v&riiid..       'j:i.ri.is   r.cfj3.on   ir`.ya.a   1.Lm   `'it-,   rlifixii';ium   pa.th
I.ength  to   ai3ijai.n  the?  -ti-ighSst   in'bi?risi-b:,I  per,sible.      .1`+to
si`,i„qll   b;|ncls   1-.Ti3r.e   pi'o,a,cri+,   -~   onc,.   €..t   1125`   cH^-1   find   the
Gt.±].cjr   £`;'J   1060    cm-1    a       Hoii,rcvt3,1.,    t3l`   `,'„   bf>,,`L|+C!.,S    did   notf
C}iiLj,.lit;t;     '1.ji  L,liiii      L'iju     i`jH    i`11i.L{;i=;`     .Lr'r;t`JL-`!     £®3     i;C;     1i®£,      }1ut±5|,L:,  i=;~:.i.i;._.`
Ilo    evicl€)il,C}`:3   for'   tl~`|C!;a   bol'lciin£J;   of   tL1(-)   i,..;rclro,rty:FJ5.tl'f;,r'|   i-j|1ciu-p.
Ii'`rol{}   t`f.`!..eir   St;ud~y   of   tTfie   hcfjvl;a    €1nd   (;iritI.opics   of
i`OnTiiition   r)I:   i.iic3t,al~   clLiulci.t{9s   of    I  jjl):l`A   a3i+a   jil3:J|tl`,    Tor,,'rie|it,
I::ollc}T,.TL1+.,    crl.ncl   RcillL.qjr     (13 )     Conc}lLl.C1.I`-.+Cl   I,}rt.t    £`i.1thc)u,j:3h
t]..I.`3    :t:I?:i)'l'Jr`L    I?C}€j.Ctior|S     9,|ilf3    ri|Or>e     (jK-i-,-!|..`..i:r.1;Iiic    bljr    -1+.i.``jpf3     tl~i,.``J~+n.
2.1`[c€*,.1   p`.:<3r.   1.iic,`1cS    it    .5€j6i..`ir,    ui-i:Lil{c`1|d,'    t.hL`3,t    tl`iis    3.a
bec{iu..rje    tt'lerc    £].I.Ci    St.r`f,}':gc,3.i    bond.a    'r)r3ti,\TJL3J(;=ui    t:i`Lc    }i,:`,I(:i,r.ct.:,,:,\jr~
oi;1-I;y-1    I:;r.=,`ui3    tlrLd    tile   ii`!ct.:'Ll    :.Lt`.jn    tl.-iu.¥.1.    bcti.Tf:jcj`n    tl"ic,±
c``-.`.1~'b(I=-T,'J-``.'-.`,,;          I;."L^-`,i-``,               -11+         L''1   "I.-:    :  ..,.A-tcll        i     .,i.                -,'.1,.:`:'1ky>\-,        :,I.``,    `.`:`.     `,:i``l(',.i-`\:`
|`;.=~r,i)lil.|n     .ta,.t-1          ;`,      .t..I          L'      ..`)                                      \        ~u.       .i,+         '..         .           +L.L.         ._`             !                          .i.`.```[=         `'.',I,
S:tLr'`:`.ii..I,      ::I.i,          -I.-,i  ...,,`:..``,.;`           l,`L                            .,`1,     `„          ,+,`,/.     `     1,i.I       `                                                                     -I                      \   ,,,,,  I.L
f.,..`,i.r,C.1 .,,. I,        +f`        i.,.`,+t`;       .`L:,L,:,rL    `;,        I;_;,I::         `L``:,`L,,        +      ,       i.,,.. i.        :     :.~:,.`                   .:,;i            ,,r,L`_`.           „
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o.bhcJ`1.   do`!1or.   groups   to   bo   bollc1,.rod   str(;`rLgel.   tl.|`n,+n   in   the
lTicta.i-    :lil)'i'A   c,3ielr:1.besi.       1±.   L`j]i)'rA   fc}i!},i.ci    o.n].y   t'!il?ee   bc!ncls
tl}ith   tln`c   filt£.fLline-   c;trirth   c`L-iela,I,es    (t,-iic`  bElsic   ni.brogon
&t('JI`,pis   f.i.rc   ri_ot   t.hou&``lit   to   a:rrbc-r   into   l`joiiding) ,    c)ric
i.rould   cxpcct   t;1'i{?3   rji'jt€`~l-   c}icjlat®s   tc)   bc   GILiijicr   to   i)PeL11€
up   by   rJ]:'fji;t~>i-tat;iofl. i.,h&n   I;+j.e   co.I.I.€rspo3itling   `L\JD'l`A   a:I.-icl¢qtc;.3¢
J`m   cs Lim€i.t(3   c)I   the   ic)rl.:i.c   Gh8.r,3.cFGc;I.   of   i;.±i{-)   cqltcalirir.`.
err.`irth-   cci.rbo.tyl{1tt}   bc)nds    c{fln   bc   Iil£3.ds   bqjr   CC)1'.+]p{.,i.I.ling   t.l'lS
Positions   of   t;Trlc}   €r.`Lbso||pbio3.`i  ba31ds    i,C`,   i;hLlt   of   a   COvcr3.1Cilt
itlc!t{11u   ci?.rr)oap/1f+ts   band.      1:oriii,3   fir..cTi   I.?u.Sf,`fi.    {3)    |ic;ir>ort,ed
th(i,`   po{3.it:i.c\:[1   of   .blli,c.,   band   for.   Con   jl.i)rl`/+   ill   +:'!,-ic   solid
si:£]{,t{}    to   btj   1650    a.I.n+-i.    fl'iie    i-LbsorTtt.i`r;n   ba.nfls    8.ri`.i    lcic`=~:i`,,_.,i,,(=!
i.or    -I+'j€i+-     r_ijjrjT.`'1.    8.r}.d    Ba-     =L|JJ|)Tj`\i    Ln..b    |5`90    a,irrL,     fcir    `5;y+-     rl:Jri.:.'`+
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